In this study, a single step method for large scale fabrication of hollow microspheres with a narrow size distribution is presented. PolyBenzoThiadiazole (PolyBT), a conducting polymer, was electrosprayed at high voltage to obtain microspheres. Hollow spheres of size ranging from 4.1 to 7.3 m were observed through scanning electron microscope images, without any chemical degradation as shown by FTIR studies. In addition, these microspheres demonstrated a change in optical and hydrophobic properties as exhibited by the UV-visible and contact angle measurements. Thus providing interesting opportunities for use in biomedical applications, sensors as well as optoelectronic devices.
INTRODUCTION
Polymer spheres of submicron size are being extensively studied for drug delivery systems [1] . The hollow structure of these spheres allows the target molecules to be incorporated within, for controlled release at a later stage. Polymeric microspheres are also used as sensors [2] , ion-sensors [3, 4] , pH sensors [5] , sensors for explosives tracing [6] and bulk ion optodes [7] . Recently, molecular imprinted microspheres (MIM) used as a chemiluminiscence sensor showed high sensitivity and selectivity [8] . In addition, use of polymeric microspheres as a buffer for expansion in lithium rechargeable batteries has improved the cycle performance of the anode [9] .
Polymer nanospheres have been synthesized by several techniques like microemulsion polymerization [10] , in situ polymerization using a magnetic ionic liquid [11] oxidative polymerization [12, 13] , and coretemplate-free routes [14, 15] . Recently, nanorods and microspheres of a conducting polymer polyindole were reported by interfacial polymerization via micelle formation [16] . Pulsed sonoelectrochemical method, employing a combination of sonic and electric pulses, was used to obtain conducting polymer microspheres in range of 1-3 m [17] Submicron sized spheres of poly N-methylaniline (PNMA), for use as antibacterial coatings [18] ,was obtained by template-free polymerization [19] . Several other routes for obtaining conducting polymer microspheres, like template-free synthesis of polypyrrole microspheres [13] , transition *Address correspondence to this author at the Department of Materials Engineering, Center for Nanoscience and Engineering, Indian Institute of Science, Bangalore, 560012, India; Tel: +91-80-2293-2627; Fax: 91-080-2360-0472; E-mail: onegroupb203@gmail.com metal assisted oxidative dispersion polymerization route for size-controlled polythiophene microspheres [20] , were also reported. A brief summary of the various available techniques for polymeric nanosphere synthesis were reported by W. Meier et al. [21] . However fabrication of conducting polymer microspheres using electrospraying, a comparatively straightforward technique, has not been explored.
Electrospraying, or electro hydrodynamic atomization, is a technique to get submicron spheres, has the same principle as electrospinning. A minimum solution concentration is required for electrospinning, below which electrospraying occurs. This transition from electrospinning to electrospraying can be explained on the basis of chain entanglement density. Studies were carried out to associate electrosprayability with the molecular weight, entanglement number and the concentration of various polymer/ solvent systems [22] . Electrospraying consists of a syringe needle, connected to high voltage of the order of few kV and a grounded collector. The forced liquid through the needle encounters electrical forces and breaks into a number of droplets. The size of droplets may vary from 6-8 micrometers down to 50-80 nanometers with generally a narrow size distribution. The size of the droplets can be controlled by parameters like flow rate of the solution, applied voltage, viscosity, and needle orifice size [23, 24] . This coupled with the high deposition efficiency, low tendency for agglomeration and the control on the direction of deposition associated with electrospraying makes it an important process in field of nanotechnology. The importance of electrospraying in formation of polymeric microspheres was also demonstrated [25] [26] [27] using coaxial electrospraying of polyethersulfone hollow microspheres with an additional step to remove core solvent was reported [28] .
In the present study, electrospraying of a conducting polymer, PolyBenzoThiadiazole (polyBT) to obtain hollow micro-sized spheres are reported and its properties were studied using SEM, FTIR, UV and contact angle measurement.
EXPERIMENTAL

Materials
O-phenylenediamine, triethylaminethionyl chloride, bis (1,5-cyclooctadiene) nickel(0)(Ni(COD)2), 2,2'-bipyridine and 1,5-cyclooctadiene were purchased from Sigma-Aldrich and used without further purification. Dimethyl formamide (DMF), hydrobromic acid (assay 48 %), bromine and chloroform were procured from local suppliers and were purified before use.
PolyBT Synthesis
PolyBT was synthesized by the Yamamoto coupling polymerization of the dibrominated monomer [29] . 2,1,3-benzothiadiazole was synthesized from Ophenylenediamine in the presence of triethylamine and thionyl chloride. 4,7-dibromo-2,1,3-benzothiadiazole was obtained by the bromination of 2,1,3-benzothiadiazole in the presence of bromine and hydrobromic acid [30] . Polymerization was carried out by Yamamoto coupling reaction in presence of bis(1,5-cyclooctadiene)nickel(0)(Ni(COD) 2 ), 2,2'-bipyridine and 1,5-cyclooctadiene in dry DMF. Weight average molecular weight and the average hydrodynamic radius of the synthesized polymer was determined to be 3. 7 10 -7 g/mol and 784 nm respectively by dynamic light scattering technique.
Electrospraying
As-synthesized 40mg of polyBT in 4 mL of chloroform was magnetically stirred for 4 h to get a consistent solution before electrospraying. Electrospraying setup consists of a high voltage source (Iatome Electric (I) Pvt. Ltd) with maximum output of 20 kV. A precision controlled infusion pump (Holmarc SPLF-2D) and an aluminum flat plate collector (15 15 cm). An aluminum foil was covered on the collector to facilitate the removal of samples. Electrospraying was carried out at an applied voltage of 10 kV and a tip-tocollector distance of 7 cm. Solution was supplied through needle (gauge no 22; ID: 0.39 mm) attach onto a 1 mL syringe at a constant flow rate of 200 L/min for 150 seconds.
Characterization
To observe the electrosprayed morphology of polyBT, samples were mounted on the stub using a double sided carbon tape. Samples were then gold coated using JEOL JFC-1100E ion sputtering device. Scanning electron microscopy using FEI-Quanta 200 and field emission scanning electron microscopy by FEI-SIRION were then carried out at an accelerating voltage of 5 kV. Fourier transform infrared spectroscopy (FTIR) in ATR mode was carried out for polyBT powder and the electrosprayed polyBT spheres using Thermo-Nicolet 6700 spectrometer in the wave number range of 4000-400 cm to ensure sample composition after electrospraying. UV-visible absorption characteristics using analytikjena SPECORD S-600 in wavelength range 200-1000 nm were carried out to study the optical properties for both the samples, as synthesized polyBT and the powder of electrosprayed polyBT. The static contact angle measurements of the drop cast and electrosprayed material were carried out (22 °C) in an OCA 30 commercial goniometer (Dataphysics, Germany) containing stepper motor for controlling the volume (3 L) of the liquid (millipore water) supplied from a microsyringe.
RESULTS AND DISCUSSION
Scanning electron micrographs of electrosprayed polyBT are shown in Figure 1 . PolyBT was observed in the form of spheres with the mean diameter of 5.5 m with about 75 percent of spheres in the range of 4.1 to 7.3 m (Figure 2) . The spheres are found to be uniformly distributed covering more than 80 percent of the deposition area without coalescing (Figures 1a and  1b) . The high voltage employed during electrospraying induces surface charges onto the spheres preventing coalescence and allowing the molecules to maintain spherical geometry (Figures 1c and 1d) [31] . Furthermore, a multitude of spheres are observed to be broken due to the sudden impact of hitting the collector plate (Figure 1c) , also a closer look at microspheres indicates that the spheres are hollow; caused by solvent escaping. This non-coalescencing property could be explored to create standalone polyBT spheres hence finding application in several biomedical and sensor applications.
Normalized UV-visible spectra of synthesized and electrosprayed polyBT are as shown in Figure 3 . Absorption onset for polyBT sample occurred at ~ 512 nm and corresponding band gap was determined as 2.42 eV. Electrosprayed polyBT showed absorption onset at 485 nm with corresponding band gap of 2.55 eV. A red shift of 27 nm is observed in the onset of absorption for electrosprayed polyBT compared to as synthesized polyBT indicating increased molecular ordering. An absorption maximum was observed to remain same before and after electrospinning at ~ 353 nm. Hence spectra suggest that the electrosprayed polyBT microspheres have higher absorbance than synthesized polyBT.
FTIR spectra of both the samples are shown in Figure 4 . In the spectrum of synthesized polyBT, it was observed that 3042 cm -1 peak corresponds to (CR R = CHR group) CH stretching, whereas 2969 cm -1 relates to (R-CH3 group) CH asymmetrical stretching and 2861cm -1 corresponds to (R-CH 3 group) CH symmetrical stretching, both are merged to be observed as a broad strong peak. A strong peak is seen at 1469 cm -1 , associated to (R-CH 3 group) CH asymmetric deformation and peak at 1377 cm -1 relates to (R-CH3 group), CH symmetric deformation. Weak peaks at 1680 cm -1 appeared for (CR R =CHR group) CC stretching and 1641 cm -1 corresponds to (C=CH-CH=C group) CH stretching [32] . These characteristic peaks are also observed in electrosprayed polyBT as seen in Figure 4 . These results indicate that the absence of any material degradation or bond breaking due to applied high voltage during electrospraying.
Contact angle for electrosprayed polyBT was found to be 120.68 ± 9.25 and that of synthesized polyBT was 98.99 ± 5.65 ( Figure 5 ). This increase in the hydrophobicity of the polyBT film can be attributed to morphological change that occurs due to electrospraying; the presence of microspheres prevents the spreading of the liquid drop resulting in increase in the contact angle. 
CONCLUSION
Poly BT a conducting polymer, synthesized in lab, was for the first time electrosprayed to obtain hollow microspheres in the range of 4.1 to 7.3 m. FTIR results indicate the chemical integrity of the polymer even after electrospraying process. In addition, it was observed that microspheres exhibited remarkable difference from synthesized polyBT in terms of their optical properties and hydrophobicity. Furthermore, electrospraying thus enables to deposit microsphere on large scale, hence can be potentially suitable route for sensor fabrication as well as drug delivery applications.
